there is limited new information regarding the performance of regional anesthesia in patients with preexisting neurologic diseases. However, the strength of evidence has increased since 2008 regarding (1) the concern that diabetic nerves are more sensitive to local anesthetics and perhaps more susceptible to injury and (2) the concern that performing neuraxial anesthesia and analgesia in patients with preexisting spinal canal pathology may increase the risk of new or worsening neurologic symptoms. This increased evidence reinforces our initial recommendations. In addition, since the initial recommendations in 2008, the concept of postsurgical inflammatory neuropathy has been described and is potentially a contributor to postoperative neurologic dysfunction. , and spinal canal pathology present a challenge to patients and anesthesiologists who desire to use regional anesthetic techniques. Because each of these clinical conditions involves compromise to neural structures, the concern is that further insult from surgical (eg, intraoperative stretch or compression, tourniquet ischemia, hemorrhage) or anesthetic (eg, mechanical trauma, vasoconstrictor-induced ischemia, local anesthetic toxicity) causes may result in new or worsening postoperative neurologic deficits.
Regardless of the underlying etiology, the presence of chronic neural compromise secondary to mechanical (eg, spinal stenosis or compressive radiculopathy), ischemic (eg, peripheral vascular disease), toxic (eg, vincristine or cisplatin chemotherapy), metabolic (eg, diabetes mellitus [DM]), or autoimmune (eg, MS) derangements may theoretically place patients at increased risk of further neurologic injury. [1] [2] [3] Upton and McComas 1 were the first to describe the double-crush phenomenon, which suggests that patients with preexisting neural compromise may be more susceptible to injury at another site when exposed to a secondary insult (Fig. 1 ). Secondary insults may include a variety of surgical or anesthetic risk factors-including regional anesthetic techniques. Osterman 2 emphasized that not only are 2 low-grade insults along a peripheral nerve trunk worse than a single site but also that the damage of the dual injury far exceeds the expected additive damage caused by each isolated insult. It may be further postulated that the second insult need not be along the peripheral nerve trunk itself but rather at any point along the neural transmission pathway. Therefore, the performance of peripheral or neuraxial regional techniques in patients with preexisting neurologic disorders may theoretically place them at increased risk of a double-crush phenomenon.
Unfortunately, the rarity of these disease processes results in a paucity of clinical data that are often conflicting in their outcomes and conclusions. As a result, definitive recommendations can rarely be made from the existing scientific literature (Table 1) . However, the following commentary provides a comprehensive review of the available literature on the topic so that patients and clinicians can make an informed decision on the potential neurologic risk of performing regional anesthesia in the presence of preexisting neurologic disorders.
METHODS
Standard search engines and cross-referencing material contained therein provided the literature basis for updated material contained within this review. PubMed and Ovid were searched from 2006 onward to identify new material since our original practice advisory search. MESH terms included individual headings and their relevant combinations, including "regional anesthesia," "peripheral nerve blockade," "spinal anesthesia," "epidural anesthesia," "peripheral neuropathy," "Charcot-Marie-Tooth disease," "diabetic polyneuropathy," "chemotherapy-induced peripheral neuropathy," "Guillain-Barré syndrome (GBS)," "postsurgical inflammatory neuropathy," "post-polio syndrome," "multiple sclerosis," "amyotrophic lateral sclerosis," "traumatic spinal cord injury," "spinal stenosis," "lumbar radiculopathy," and "lumbar disk disease." All prospective randomized controlled trials, retrospective studies, case-controlled cohort studies, case series, and case reports were included for review.
PERIPHERAL NERVOUS SYSTEM DISORDERS
The peripheral nervous system is composed of numerous cell types that serve diverse sensory, motor, and autonomic functions. Signs and symptoms of impaired function depend on the distribution and severity of the injury, in addition to the specific element of the nerve that is affected. More than 100 types of peripheral neuropathy have been identified, each with its own pathophysiology, symptoms, and prognosis. 4 
Hereditary Peripheral Neuropathy
Inherited neuropathies represent a heterogeneous group of diseases that often share the features of an insidious onset and indolent course across years to decades. A wide range of genotypes may result in phenotypes ranging from mild symptoms and subclinical disease to severe debilitating conditions. The most common inherited neuropathies are a group of disorders collectively referred to as Charcot-Marie-Tooth (CMT) disease. CharcotMarie-Tooth disease affects approximately 1 in 2500 people, often beginning during childhood or adolescence. 5 Charcot-MarieTooth neuropathies are caused from mutations in more than 30 genes responsible for manufacturing neurons or the myelin sheath. 6 Typical signs and symptoms include extreme motor weakness and muscle wasting within the distal lower extremities and feet, gait abnormalities, loss of tendon reflexes, and numbness within the lower limbs.
The reported use of peripheral 7, 8 or central [9] [10] [11] [12] regional anesthetic techniques in patients with CMT disease has been limited to small case series and anecdotal case reports. All patients made uneventful recoveries without worsening of their neurologic conditions. Of note, 2 cases involving single-injection regional techniques (epidural anesthesia using 18 mL of 0.75% ropivacaine 10 and supraclavicular analgesia using 30 mL of 0.5% bupivacaine 7 ) reported a prolonged effect (12 hours and 30 hours, respectively) of the regional technique compared with the anticipated duration. In both cases, the use of higher concentrations of local anesthetic may have contributed to the delayed recovery.
Hereditary neuropathy with liability to pressure palsy (HNPP) is another rare inherited demyelinating peripheral neuropathy in which individuals have repeated motor and sensory neuropathies (pressure palsies) after a brief nerve compression or mild trauma. Discovered in the early 1990s, HNPP has been linked to a mutation on the pmp-22 gene, resulting in reduced myelin production. Evidence discussing the use of any regional technique in the setting of HNPP has been limited to a single case report. Lepski and Alderson 13 reported the successful use of labor epidural analgesia in a 24-year-old parturient with HNPP. The patient made an uneventful recovery without worsening of her neurologic condition.
Based on the lack of clinical evidence, definitive recommendations cannot be made about safety and use of regional anesthesia in patients with preexisting inherited peripheral neuropathies. However, isolated case reports would suggest that peripheral and central regional techniques may be used without worsening a patient's stable neurologic condition. However, caution should be used to minimize other surgical and anesthetic risk factors for perioperative nerve injury when considering the use of regional anesthesia within this patient population.
Acquired Peripheral Neuropathy

Diabetic Polyneuropathy
The increasing prevalence of DM and its associated comorbidities will likely translate into a larger number of diabetic patients presenting for surgery. However, despite the clinical benefits and widespread use of regional anesthesia (peripheral and neuraxial blockade), there remains concern regarding its use in patients with DM.
14-17 It has been suggested that patients with a history of chronic neural compromise secondary to metabolic conditions such as diabetes may be at an increased risk of worsening neurologic injury after neuraxial or peripheral nerve blockade. [14] [15] [16] [17] Diabetes mellitus is currently the most common cause of systemic polyneuropathy. There are several types of neuropathy associated with DM. However, distal symmetric sensorimotor polyneuropathy is the most common form and generally synonymous with the term "diabetic polyneuropathy." The frequency of DPN ranges from 4% to 8% at the time of diagnosis to more than 50% in patients with long-standing diabetes. Despite the fact that patients may be asymptomatic, nearly all will have evidence of abnormal nerve conduction. 18, 19 Furthermore, it is not uncommon for patients to present for surgery with either undiagnosed DM or known diabetes with uncontrolled hyperglycemia. 20 The pathophysiology of DPN is poorly understood and likely multifactorial. Early symptoms such as numbness, pain, and autonomic dysfunction are caused by damage to small nerve fibers, which occurs before damage to large fibers becomes apparent. 21 There is pathophysiologic evidence of abnormalities in both large and small neural blood vessels, ultimately contributing to multifocal fiber loss. Axonal degeneration is the most prominent feature of DPN and occurs secondary to the reduced delivery of essential nutrients and other components (oxygen, blood, adenosine triphosphate, glucose) to the axon. Proposed mechanisms include (1) sorbitol deposition in the nerve because of glucose accumulation, (2) local tissue ischemia in sensory and autonomic fibers secondary to endoneurial hypoxia, (3) abnormal tissue repair mechanisms caused by excess glucose, and (4) mitochondrial dysfunction within the dorsal root ganglia. [22] [23] [24] Currently, there is an abundance of animal data that suggests diabetic nerves may have an increased risk of neurologic injury after regional anesthesia compared with nondiabetic nerves. [25] [26] [27] Kalichman and Calcutt 17 were the first to hypothesize that diabetic nerve fibers may be more susceptible to local anesthetic neurotoxicity for 2 reasons: (1) the nerve is more susceptible to injury because of chronic ischemic hypoxia and (2) the nerves are exposed to larger concentrations of local anesthetics because of a decreased perineural blood flow. More recently, these findings were supported with both animal and clinical data. Lirk and colleagues 28 used Zucker diabetic fatty rats exposed to hyperglycemia to demonstrate that, although the overall neuronal survival difference was low, in vitro local anesthetic neurotoxicity was more pronounced in neurons from diabetic animals. The authors also reported that preexisting subclinical neuropathy led to substantial prolongation of the block duration in vivo. Kroin and colleagues 26 also reported that the duration of sciatic nerve block with lidocaine 1% or ropivacaine 0.5% was longer in streptozotocin-induced diabetic rats compared with nondiabetic rats, and that block duration actually correlated with nerve fiber degeneration. In a subsequent study, the same authors also concluded that, with continuous glycemic control, diabetic rats had a block duration that was similar to nondiabetic rats and 40 minutes shorter than rats without glycemic control. 25 Interestingly, acute glycemic control did not lessen the nerve block duration, suggesting that diabetic neuropathy is not rapidly reversed within this animal model. Currently, it is unclear whether the results from animal studies using experimentally induced hyperglycemia can be used to make recommendations about patients with long-standing DM. 29 Although animal studies have consistently found that diabetic nerves are more sensitive to local anesthetics and potentially more susceptible to neural injury, it is unclear whether diabetic patients have a higher incidence of neurologic injury after regional anesthesia. 17, 25, 26, 30 There is limited clinical data suggesting that the success of peripheral nerve blockade (supraclavicular brachial plexus) may be higher in diabetic patients independent of other predictors of success (eg, body mass index) compared with nondiabetic patients. 31, 32 Gebhard and colleagues 30 propose several theories for this finding, including (1) a higher sensitivity of diabetic nerve fibers to local anesthetics, (2) possible unknown intraneural penetration before injection, and (3) preexisting DPN with accompanying decreased sensation. Preexisting pathology has long been reported to play a role in the development of postoperative neurologic dysfunction. [33] [34] [35] A recent case report described a persistent postoperative femoral neuropathy after discontinuing a femoral nerve catheter in a patient with a preexisting subclinical diabetic neuropathy that was undiagnosed preoperatively. 36 In patients with DM, a decreased sensitivity to electrical stimulation combined with diminished sensory function and an increased sensitivity to local anesthetic toxicity may increase the risk of intraneural injection during peripheral nerve blockade using a peripheral nerve stimulator. [37] [38] [39] Currently, there is a lack of clinical evidence suggesting that the use of ultrasound guidance is safer than peripheral nerve stimulation within the general population. 40, 41 However, this lack of clinical benefit may be less clear for diabetic patients. For example, there are a limited number of animal and clinical studies that suggest ultrasound guidance may be a more desirable method of neural localization in diabetic patients. Animal studies have shown that low-threshold electrical stimulation may not offer protection from intraneural injection in the presence of hyperglycemia. Rigaud and colleagues 42 demonstrated that all needle insertions within a hyperglycemic dog model resulted in intraneural injection (6 of 6); whereas only one (1 of 18) intraneural injection occurred among control dogs. Sites and colleagues 39 also concluded that ultrasound guidance may be a preferred method of neural localization in diabetic patients after failing to elicit a motor response or paresthesia in 2 patients undergoing sciatic nerve blockade using peripheral nerve stimulation. The authors describe a very weak motor response in both diabetic patients with a stimulating current of more than 2.4 mA despite perineural placement of the stimulating needle using ultrasound guidance. Another potential application of ultrasound technology is the ability to use the cross-sectional area of a peripheral nerve to identify a clinical or subclinical peripheral neuropathy; a diagnosis that historically would require complex nerve conduction studies. 43, 44 Findings of spinal cord involvement in diabetic patients suggest that the same or similar mechanism of injury may affect not only peripheral nerves but also neural elements within the central neuraxis as well. 45, 46 Using magnetic resonance imaging, Selvarajah and colleagues 47 described early central nervous system involvement consisting of a significant reduction in spinal cord cross-sectional area in patients with both subclinical and clinically detectable diabetic peripheral neuropathy. A case report of a diabetic patient experiencing a persistent lower-extremity neuropathy after what appeared to be an uneventful epidural analgesia reinforces concerns that diabetic patients may be at an increased risk of neurologic injury after neuraxial anesthesia. 48 A retrospective review also evaluated neurologic complications in patients with preexisting peripheral sensorimotor neuropathy or DPN who subsequently underwent neuraxial anesthesia or analgesia. 22 Of the 567 patients studied, 2 (0.4%; 95% confidence interval [CI], 0.1%-1.3%) experienced new or progressive postoperative neurologic deficits when compared with preoperative findings. The authors concluded that, although the risk of severe postoperative neurologic injury among diabetic patients is rare, it appears to be higher than that reported for the general population. Although the neuraxial technique could not be definitively implicated as the primary cause of the neurologic insult, it may have been a contributing factor among patients with preexisting neural compromise. Echevarria and colleagues have also reported faster onset times, a longer duration of maximal block levels, and slower regression times of spinal anesthesia in diabetic patients compared with nondiabetic patients. 49 In summary, patients with DPN likely have neural elements that are more sensitive to the effects of local anesthetic. As a result, diabetic peripheral nerves may be more susceptible to subsequent injury from local anesthetic toxicity or ischemic insults. Ultimately, the decision to use regional anesthesia within diabetic patients should be made on an individual basis after a thorough discussion with the patient regarding the potential risks and benefits of the technique. Consideration should be given to decreasing the concentration or total dose of local anesthetic for both peripheral and neuraxial techniques, 50 particularly in profoundly symptomatic patients. Furthermore, the use of ultrasound guidance may facilitate perineural needle placement and the use of lower local anesthetic volumes in diabetic patients; although definitive data ensuring increased safety with ultrasound guidance are currently lacking. 51 Decreasing the concentration or dose of local anesthetic or eliminating epinephrine additives should also be considered given that diabetic nerves are already at risk of neural ischemia and infarction because of changes within the endoneural microvasculature. 52 
Chemotherapy-Induced Neuropathy
Chemotherapy-induced peripheral neuropathy (CIPN) is a frequent side effect of several commonly used chemotherapeutic agents. It is a dose-limiting side effect that occurs in approximately 30% to 40% of patients. 53 The exact mechanism of injury is unclear, although damage to microtubules, interference with microtubule-based axonal transport, mitochondrial disruption, and cytotoxic effects on DNA are all possible mechanisms. 53, 54 The neurotoxicity depends on the agent used, the duration of administration, and the cumulative dose received. Cisplatin, oxaliplatin, and carboplatin characteristically induce a purely sensory painful peripheral neuropathy, whereas vincristine, paclitaxel, and suramin tend to induce a mixed sensorimotor neuropathy with or without involvement of the autonomic nervous system. 55 Symptoms are often in the "glove and stocking" distribution and consist of pain or paresthesias. Patients at risk of developing CIPN include those with preexisting neural damage secondary to DM, excessive alcohol use, or an inherited peripheral neuropathy. In general, a prolonged period of regeneration is required to restore neurologic function, with incomplete recovery being the most common outcome. [54] [55] [56] However, patients who recover from CIPN are at an increased risk of developing progressive neuropathic symptoms if exposed to additional neurotoxic agents. Local anesthetics are potentially neurotoxic, and caution should be used when deciding whether to perform regional anesthesia in patients who have received chemotherapeutic agents known to cause CIPN. It is not uncommon for patients to have a subclinical neuropathy that only presents after a second neurologic insult, such as a peripheral or neuraxial block. 16 
INFLAMMATORY NEUROPATHIES
Guillain-Barré Syndrome
Guillain-Barré syndrome is an acute, inflammatory, demyelinating polyneuropathy characterized by areflexia and diffuse ascending neuromuscular paralysis. The etiology of GBS is unclear, although infection, pregnancy, vaccinations, immunosuppression, systemic illnesses, and transfusion have all been proposed as potential triggers. 57 The degree and distribution of paralysis are variable and can include sensory nerve, cranial nerve, and autonomic nervous system involvement. Symptoms peak approximately 2 to 4 weeks after the initial onset, with most patients experiencing prolonged recovery. Unfortunately, many patients experience moderate-to-severe neurological impairment for years after the initial diagnosis.
There are several reports of GBS occurring in the postoperative period after a variety of surgical procedures and types of anesthetics. [58] [59] [60] However, case reports of regional anesthesia use in patients with GBS are generally limited to the obstetric population. [61] [62] [63] [64] Some patients with GBS may have autonomic instability and subsequently experience an exaggerated response to neuraxial blockade, 63 whereas other patients exhibit a normal response to neuraxial anesthesia. 61, 64 Although there have been reports of successful neuraxial anesthesia in parturients with GBS, the theoretical concern of local anesthetics interacting with peripheral myelin or direct nerve trauma cannot be ignored. 21 There is some evidence to suggest that epidural anesthesia may precipitate or reactivate GBS hours to weeks after surgery. 58, 65, 66 However, it is difficult to determine if this is caused by the effects of the epidural, the natural progression of the disease, the surgical procedure, or the stress response related to surgery.
Although it has been suggested that acute neuronal inflammation may be a relative contraindication to regional anesthesia, existing data provide little information regarding the safety of neuraxial anesthesia or peripheral nerve blockade in patients with GBS. 21 Ultimately, the decision to perform regional anesthesia should be made on an individual basis after a thorough discussion with the patient regarding the potential risks and benefits.
Postsurgical Inflammatory Neuropathy
Recently, neurologists have become aware that an autoimmune or inflammatory process may be the cause of severe postoperative neurologic deficits. Staff and colleagues 67 recently described a series of 33 patients who developed postsurgical inflammatory neuropathy (PSIN) within 30 days of surgery. The diagnosis was confirmed in most patients after a peripheral nerve biopsy. Postsurgical inflammatory neuropathy is believed to be an idiopathic immune-mediated response to a physiologic stress such as an infectious process, a vaccination, or a surgical procedure. 67 The condition may present as focal, multifocal, or diffuse neurologic deficits in the setting of a negative radiographic imaging. Complicating the diagnosis, the onset of neurologic deficits may not be apparent during the immediate postoperative period; and the deficits may be in an anatomic distribution remote from the surgical site or regional anesthetic technique. Risk factors or potential triggers for PSIN include malignancy, DM, tobacco use, systemic infection, volatile anesthetic use, and recent blood transfusion. 67 Suppression of the immune response with prolonged high-dose corticosteroids or intravenous immunoglobulin is the current treatment of choice. The goal of treatment is to sufficiently blunt the inflammatory response to allow for axonal regeneration. Fortunately, most patients improve with current treatment recommendations, with pain and sensory deficits improving before the motor deficits. 67 The degree to which inflammatory mechanisms play a role in postoperative neurologic dysfunction is unknown and poorly characterized particularly within the anesthesia literature. 68 As a result, anesthesia providers and surgeons rarely consider this potential etiology of nerve injury when evaluating patients with postoperative deficits. This is problematic because the common approach of watchful waiting and conservative management will not be effective in patients with PSIN. Rather, PSIN is a clinical condition that must be suspected early in the disease process so that a definitive diagnosis can be obtained (nerve biopsy) and aggressive immunotherapy can be initiated to potentially improve neurologic outcome. 67 
CENTRAL NERVOUS SYSTEM DISORDERS
Historically, neuraxial anesthesia techniques have not been offered to patients with preexisting neurologic disorders of the central nervous system (MS, PPS, ALS) for fear of worsening neurologic outcome. [69] [70] [71] [72] In fact, many historians believe that the recommendation by Dripps and Vandam 70 in 1956 to avoid regional anesthesia in patients with preexisting neurologic disorders has impacted clinical management for nearly half a century. Several theoretical mechanisms have been proposed based on the double-crush phenomenon, including neurologic injury from needle-or catheter-induced trauma, local anesthetic neurotoxicity, and neural ischemia caused by local anesthetic additives. However, the avoidance of regional anesthesia within this patient population may also be caused by physician and patient biases or potential medicolegal concerns. There are several confounding factors (age, body habitus, surgical trauma, tourniquet times and pressures, positioning, anesthetic technique) that make it difficult to determine the etiology of worsening postoperative neurologic deficits.
A recent review evaluated 139 patients with a history of one or more central nervous system disorders that subsequently underwent a neuraxial anesthetic technique. 71 Preoperative neurologic disorders included primarily PPS, MS, ALS, and traumatic spinal cord injury. In contrast to the findings of Dripps and Vandam several decades ago, the authors identified no new or worsening postoperative neurologic deficits (0.0%; 95% CI, 0.0%-0.3%) within their patient cohort. This was despite the fact that 74% of the patients reported active neurologic symptoms (paresthesias, dysesthesias, hyperreflexia) or sensorimotor deficits during the immediate preoperative period and subsequently received standard doses of local anesthetics. Two smaller reviews in parturients receiving smaller doses of local anesthetic for labor analgesia have reported similar results. 73, 74 Clearly, further investigations with more patients are needed to make definitive recommendations. However, the current data suggest that the decision to perform neuraxial anesthesia in patients with preexisting central nervous system disorders be based on the risks and benefits for each individual patient. Some authors have postulated that the neurologic risk may be higher in patients who have progressive neurologic deficits when compared with those patients with chronic stable sensorimotor symptoms that have not changed during the course of several months or years.
Multiple Sclerosis
Multiple sclerosis is an inflammatory autoimmune disorder of the central nervous system with a lifetime risk of 1 in 400, making it the most common debilitating neurologic disease in young adults. 75 It is a chronic degenerative disease characterized by focal demyelination within the spinal cord and brain. The demyelination results in a fluctuating conduction block that causes a classic "waxing and waning" of symptoms that is characteristic of the disease. Signs and symptoms include sensory or motor deficits, diplopia or vision loss, bowel or bladder dysfunction, and ataxia. The precise etiology is unclear; however, a combination of genetic risk factors and environmental factors likely plays a role. Twenty-five percent of MS patients are essentially asymptomatic, and their activities of daily living are unaffected. However, up to 15% of patients may become severely disabled, with significant sensorimotor deficits within a short period. 76 Several factors common to surgery can negatively impact the disease process, including hyperpyrexia, emotional stress, and infection. 77 The mechanism of worsening neurologic function in patients with MS is unclear and may occur coincidentally within the postoperative period independent of the anesthetic technique. Evidence regarding the risk of regional anesthesia in patients with MS is limited. Despite some evidence for demyelination of the peripheral nerves in MS, peripheral nerve blockade has traditionally been considered safe. 78 However, a recent report of severe brachial plexopathy after an ultrasound-guided interscalene block has raised the concern that a segment of MS patients may have subclinical peripheral neuropathy. 79 Several investigators have demonstrated evidence of axonal demyelinating peripheral lesions (sensory > motor) in patients with MS. [80] [81] [82] Misawa and colleagues 81 demonstrated that peripheral demyelination may occur in 5% of MS patients, whereas Pogorzelski and colleagues 80 report peripheral demyelination may occur in up to 47% of patients. Similarly, Sarova-Pinhas and colleagues 82 describe nerve conduction abnormalities in up to 14.7% of peripheral nerves within MS patients compared with only 2.4% of nerves within the general population. Despite this evidence, the overall incidence and clinical relevance of this underlying peripheral neuropathy remain undefined in the setting of performing peripheral nerve blockade in patients with MS.
In contrast to peripheral nerve blockade, the potential risk of new or progressive neurologic deficits in MS patients after spinal anesthesia was first described in 1937. Critchley 83 described 3 patients with "disseminated (multiple) sclerosis" that experienced worsening of symptoms after spinal anesthesia. The author concluded that "spinal anesthesia may be a precipitating agent in the evolution of disseminated (multiple) sclerosis." Several subsequent studies demonstrated similar outcomes with the development of new or worsening neurologic deficits or a higher likelihood of symptom exacerbation after spinal anesthesia. 69, 72, 84, 85 In contrast, a more recent study demonstrated no new or worsening neurologic symptoms after spinal anesthesia in 35 MS patients undergoing a variety of surgical procedures. 22 The safety of epidural anesthesia and analgesia in MS patients has been focused almost exclusively within the obstetric population, which may not accurately represent the nonpregnant MS patient. Pregnancy is frequently associated with a decrease in disease relapses, whereas the postpartum period is often associated with an increased risk of relapse. The transition from cellular immunity to humoral immunity required for the mother's immune system to tolerate the fetus is thought to be protective during pregnancy. 73 However, as cell-mediated immunity rebounds during the postpartum period, patients will often experience transient worsening of neurologic symptoms that could be falsely attributed to recent regional anesthetic techniques.
Confavreux and colleagues 73 have performed one of the few prospective studies evaluating risk factors associated with disease relapse during the postpartum period. They concluded that epidural analgesia during labor and delivery did not contribute to a higher risk of relapse compared with patients not receiving neuraxial techniques. Similarly, Kuczkowski 86 found no association between any form of obstetric regional analgesia and the worsening of MS symptoms among obstetric patients. Epidural anesthesia and analgesia have traditionally been recommended over spinal anesthesia in MS patients because the concentration of local anesthetic in the white matter of the spinal cord is one fourth the level after epidural injection compared with intrathecal injection. 87 It is believed that the lack of myelin may leave the spinal cord susceptible to the neurotoxic effects of local anesthetics. 87 Although definitive studies on the pharmacological effects of local anesthetic concentrations and doses are lacking, many recommend limiting neuraxial local anesthetic doses and concentrations to the lowest level possible. There is some evidence that lidocaine can reversibly worsen symptoms of MS. 88 This is thought to occur when sodium channels in demyelinated areas are blocked enough to unmask lesions that would otherwise be below the level of clinical detection. With regard to the obstetric patient, the risk of neuraxial anesthesia or analgesia needs to be weighed against the increased risk of general anesthesia. A recent survey demonstrated that 99% of obstetric anesthesiologists would perform neuraxial anesthesia for an emergency cesarean delivery in an MS patient after carefully weighing the potential risks and benefits. 89 In summary, there remains little conclusive evidence to support or refute the use of regional anesthesia in patients with MS. Peripheral nerve blockade has not been definitively shown to be harmful in the setting of MS and, therefore, should not be considered an absolute contraindication. In contrast, given that demyelinated fibers may be more prone to the toxic effects of local anesthetics, epidural anesthesia and analgesia may be considered safer than spinal anesthesia techniques. However, reducing the local anesthetic concentration and total dose to the lowest effective level(s) may be prudent for both peripheral and neuraxial blockade. All decisions regarding the use of regional anesthesia and analgesia in patients with MS need to be made after careful consideration of the potential risks and benefits. Regardless of the anesthetic technique chosen, patients should be informed about the risk of new or worsening neurologic symptoms during the postoperative period because of exposure to multiple exacerbating factors.
Postpolio Syndrome
Postpolio syndrome refers to new-onset neurologic symptoms that develop several years after an acute poliomyelitis infection. The onset of new or progressive symptoms may occur up to 30 years after the initial episode of poliomyelitis. PPS affects anterior horn cells within the anterior portion of the spinal cord and is, therefore, considered a lower motor neuron disorder. 90 Initial symptoms include muscle weakness, fatigue, gait instability, joint pain, and muscle atrophy within muscle groups that were previously affected by the disease. Sensory deficits are generally not characteristic of the syndrome and are only observed if a secondary disorder is present (ie, compression radiculopathy or disk herniation). The muscle effects of PPS are thought to be related to an ongoing process of denervation and reinnervation that ultimately ends when denervation is no longer compensated for by reinnervation. 90 Postpolio syndrome is the most prevalent motor neuron disease in North America. Furthermore, because acute poliomyelitis continues to occur in developing countries, PPS will likely remain an anesthetic concern for years to come. 21 It is not uncommon for patients with PPS to require orthopedic procedures; therefore, it is important to determine the safety of regional anesthetic techniques under these clinical circumstances. Although patients with PPS have fewer motor neurons than normal, it is difficult to know whether remaining motor neurons are more susceptible to the toxic effects of local anesthetics. There have been no reports of worsening neurologic status after neuraxial anesthesia with normal doses of tetracaine and bupivacaine in patients with PPS. 91, 92 However, this does not imply that regional anesthetic techniques are without risk. 93 As with all patients, the potential risk of regional anesthesia must be balanced against the disadvantages of general anesthesia, including a hypersensitivity to sedative or opioid medications, risk of muscle relaxant use, and the risk of hypoventilation and aspiration. The largest series of patients with PPS (n = 79) undergoing neuraxial anesthesia or analgesia demonstrated no worsening of neurologic symptoms during the postoperative period. 71 However, the paucity of clinical data on this topic prevents clear recommendations from being made regarding the safety of neuraxial anesthesia or peripheral nerve blockade in patients with PPS. Ultimately, the decision to use regional anesthesia should be made on an individual basis after a thorough discussion of the potential risks and benefits with each patient. Given the increased sensitivity to opioid and sedative medications within this patient subgroup, these medications should always be used with caution.
Amyotrophic Lateral Sclerosis
Amyotrophic lateral sclerosis is a common form of motor neuron disease characterized by adult-onset degeneration of both the upper and lower motor neurons. Unfortunately, in the majority of patients, death from respiratory failure occurs within a few years of disease onset. 94 The existing evidence, albeit limited, has not supported the fear that neuraxial or peripheral blockade will exacerbate preexisting symptoms in ALS patients. 65, [95] [96] [97] [98] [99] However, given the potential for worsening respiratory failure after general anesthesia because of the use of muscle relaxants and opioid medications, the ability to avoid airway manipulation may be considered a benefit within this high-risk patient population. Regardless of the anesthetic technique, the possibility of postoperative respiratory or neurologic deterioration is quite high in patients with ALS. Ultimately, the decision to use regional anesthesia should be made on an individual basis after a thorough discussion of the potential risks and benefits with each patient.
SPINAL CANAL PATHOLOGY
Spine and spinal canal pathology has been proposed as a potential risk factor for neurologic complications after neuraxial blockade. Several mechanisms of injury have been proposed, including an ischemic or compressive effect after the injection of large volumes of local anesthetic into a relatively confined space (ie, epidural anesthesia) as well as local anesthetic neurotoxicity (ie, spinal anesthesia). Although the precise mechanism(s) of injury remain unclear, there are several isolated case reports and large case series that are believed to support these hypotheses.
Spinal Stenosis and Lumbar Disk Disease
Spinal stenosis occurs as age-related changes within the intervertebral disks and facet joints result in narrowing of the spinal canal or neural foramina. Changes include disk degeneration, facet joint hypertrophy, osteophyte formation, and infolding of the ligamentum flavum. The precise mechanism by which spinal nerve root compression results in signs or symptoms of spinal stenosis is not completely understood. 100 Classic symptoms include back and leg radicular pain that significantly worsens with extension and is alleviated with flexion. Preexisting spinal stenosis or compressive lumbar disk disease has been proposed as a potential risk factor for neurologic complications after a neuraxial (spinal or epidural) technique. Proposed mechanisms of injury include mechanical trauma, 101, 102 local anesthetic neurotoxicity, 103 ,104 ischemia, [105] [106] [107] or a multifactorial etiology. 108, 109 Pathophysiologically, patients with spinal stenosis have a reduction in the diameter of the spinal canal, resulting in less anatomic space for fluid collections such as blood or local anesthetic. As a result, small quantities of fluid may result in significant increases in pressure around the neuraxis that would otherwise have no clinical effect in a widely patent spinal canal.
Two relatively large case series and several case reports have been published that suggest undiagnosed spinal stenosis may be a risk factor for neurologic complications after neuraxial blockade. 101, 103, 105, 108, 110 The majority of cauda equina cases involved epidural analgesia, which may suggest an ischemic component (mechanical compression of the cord by the infusing local anesthetic) to the injury. 106 Hebl and colleagues 108 performed a retrospective review of patients with preexisting spinal stenosis or lumber disk disease with and without a history of prior spinal surgery and concluded that this cohort of patients was at an increased risk for the development or worsening of neurologic deficits when compared with the general population undergoing a neuraxial technique. In addition, patients with more than one neurologic diagnosis (eg, spinal stenosis, compressive radiculopathy, preexisting peripheral neuropathy) appeared to have an even higher risk of injury. Moen and colleagues 103 also performed a large epidemiologic survey in Sweden that revealed similar trends. During a 10-year study period, 1,260,000 spinal anesthetics and 450,000 epidural blocks were evaluated. Overall, the authors identified 127 serious complications, including 85 (67%) patients with permanent injuries. Although 14 patients had preexisting spinal stenosis, 13 (93%) of these were diagnosed in the postoperative period during the evaluation of the neurologic deficit. The authors concluded that the incidence of severe anesthesia-related complications may not be as low as previously reported, and preexisting spinal canal pathology may be a "neglected risk factor." Finally, although patients with prior spine surgery may have an increased risk of paraplegia after transforaminal epidural steroid injections, 111, 112 no similar risk has been found in patients after neuraxial anesthesia or analgesia.
In summary, although it appears that patients with spinal stenosis or compressive lumbar disk disease may be at increased risk of neurologic complications after neuraxial blockade, the existing literature fails to provide a direct comparison of surgical patients with similar spinal pathology undergoing general anesthesia. Therefore, it is unclear whether the higher incidence of neurologic complications is caused by surgical factors, the anesthetic technique, the natural progression of the disease process, or a combination of these factors.
Neural Tube Defects
Neural tube defects are congenital anomalies of neural development that primarily affect the cranium or spine. Clinical manifestations vary widely and include cranial defects (eg, anencephaly, exencephaly, encephalocele), open spinal dysraphisms, and closed spinal dysraphisms. Open spinal dysraphisms, often referred to as spina bifida cystica, occur at a frequency of 0.5 to 8 cases per 1000 live births and include conditions in which neural tissue is exposed to the external environment. 113 The most common open spinal dysraphisms are meningocele (exposed meninges) and meningomyelocele (exposed meninges and spinal cord tissue). In contrast, closed spinal dysraphisms are characterized by unexposed neural tissue with abnormalities ranging from isolated defects in the fusion of the posterior vertebral column (ie, spina bifida occulta) to more serious spinal cord malformations such as diastematomyelia (split cord malformations), tethered spinal cord syndrome, and dural ectasia (lumbosacral widening or caudal displacement of the dural sac). 114 The etiology of neural tube defects are believed to be multifactorial, with both genetic and environmental factors equally implicated. 115 Open spinal dysraphisms are commonly treated with surgical intervention during the early neonatal period. Clinical outcomes may vary from no neurologic sequelae to sensorimotor deficits, lower extremity paraplegia, and bowel and bladder dysfunction. Four anecdotal case reports have been described in the literature in which epidural analgesia 116, 117 or spinal anesthesia 118, 119 has been used in parturients during labor and delivery with a history of spina bifida cystica and subsequent surgical correction. In all but 1 case, the authors describe extensive cranial spread of local anesthetic and dense neural blockade with normal or reduced doses of local anesthetic. Limited spread of local anesthetic caudad to the site of surgical intervention was also noted. None of the patients experienced an inadvertent dural puncture, postdural puncture headache, or new or progressive neurologic dysfunction after the regional technique. Tidmarsh and May 120 have also described the use of epidural analgesia in four parturients who previously underwent meningomyelocele repair during infancy. Clinical outcomes included extensive cranial spread of local anesthetic (n = 1), poor sacral analgesia (n = 1), and successful epidural analgesia (n = 2). The authors cautioned that performing neuraxial techniques within this patient population can be technically challenging, with an increased risk of inadvertent dural puncture and unpredictable local anesthetic spread. 120 If neuraxial anesthesia or analgesia is performed under these clinical circumstances, it is recommended that the site of needle insertion occurs at a level above the original lesion because of limitations in local anesthetic spread. 116 Spina bifida occulta is a common closed spinal dysraphism that is thought to be a normal variant of vertebral column development. Studies report an incidence of 10% to 24% within the general population. 114 Isolated spina bifida occulta involves the failure of a single-level vertebral arch (usually the lamina) from fusing, with no clinical signs or symptoms. There is no external lesion, and the spinal cord and meninges are not involved. The use of regional anesthesia in parturients with isolated spina bifida occulta has been reported but is limited to anecdotal case reports 121 and small case series. 120, 122 Within this collection of 11 reported cases, successful epidural analgesia was achieved with normal doses of local anesthetic without extensive cranial spread of local anesthetic, sacral sparing, or adverse neurologic sequelae. One patient experienced technical difficulties during block placement, including the elicitation of a transient paresthesia and inadvertent dural puncture. 121 If neuraxial anesthesia or analgesia is performed in patients with isolated spina bifida occulta, it is generally recommended that the site of needle insertion occur at a level above the vertebral abnormality. 116 In contrast to patients with isolated spina bifida, complex spina bifida may occur in conjunction with more severe closed spinal dysraphisms. Patients with spina bifida and (a) associated cutaneous manifestations (eg, hairy patch, subcutaneous lipoma, skin sinus), (b) involvement of more than one lamina, (c) neurologic symptoms, or (d) associated bowel or bladder dysfunction commonly have more severe coexisting conditions such as tethered spinal cord syndrome or diastematomyelia. 123 Under these clinical circumstances, neuraxial techniques should be considered contraindicated because neurologic complications have been reported after spinal, 124 epidural, 125 and combined spinalepidural 126 techniques in patients with previously unrecognized tethered spinal cord syndrome and/or diastematomyelia.
Dural ectasia is the abnormal widening or ballooning of the dural sac, most commonly within the lumbosacral region of the spinal cord. It is common among patients with Marfan syndrome, occurring in 63% to 92% of cases. 127, 128 Dural ectasia is also known to occur in patients with Patau syndrome (trisomy 13), 129 Ehlers-Danlos syndrome, neurofibromatosis type I, and ankylosing spondylitis. 130 Several case reports have described inadvertent dural puncture during caudal anesthesia 129, 131, 132 and incomplete spinal anesthesia 133 in patients with dural ectasia. In summary, neural tube defects encompass a wide range of spinal cord malformations, ranging from asymptomatic singlelevel vertebral canal abnormalities (ie, spina bifida occulta) to meningomyelocele with paraplegia after surgical repair. Given the wide spectrum of clinical abnormalities, the varied risk, and the paucity of clinical data for any one diagnosis, definitive recommendations cannot be made regarding the safety of neuraxial anesthesia or analgesia in patients with neural tube defects. However, it is clear that regional anesthesia should be avoided in patients with documented tethered spinal cord syndrome, diastematomyelia, or spina bifida with associated cutaneous lesions, multilevel vertebral body involvement, neurologic deficits, or bowel or bladder dysfunction.
The neuroanatomy of all other neural tube defects (eg, isolated spina bifida occulta, prior meningo-myelocele repair) should be clearly documented with radiographic imaging before neuraxial anesthesia or analgesia is considered. If radiographic imaging can exclude the coexistence of complex closed spinal dysraphisms (eg, tethered spinal cord, diastematomyelia) within these patients, then regional anesthesia may be considered after a comprehensive risk/benefit discussion with the patient, highlighting the risk of technical difficulties, extensive cephalad spread of local anesthetic, sacral sparing, inadvertent dural puncture, and neurologic injury. If neuraxial anesthesia or analgesia is performed under these clinical circumstances, it is recommended that the site of needle insertion occurs at a level above the vertebral abnormality or site of prior surgical repair. 116 
RECOMMENDATIONS
The following recommendations (Table 1 ) are intended to encourage quality patient care, although observing them cannot guarantee any specific patient outcome. Their value should ultimately be determined by those who use them. The recommendations are subject to revision from time to time, as warranted by the evolution of technology, scientific evidence, and clinical practice. Importantly, the recommendations address only the issue of • Anecdotal case reports and small case series suggest that both peripheral and neuraxial regional techniques may be used in patients with stable CMT or HNPP disease states without worsening their neurologic symptoms. However, a careful discussion regarding the potential risks and benefits of performing regional anesthesia in patients with preexisting neural compromise is strongly recommended (Class III). Acquired Peripheral Neuropathies
• Patients with diabetic peripheral neuropathy or previous exposure to chemotherapy (eg, cisplatin or vincristine) may have a clinical or subclinical evidence of a preexisting peripheral neuropathy caused by neural compromise from the disease state (Class I).
• An abundance of animal data and limited clinical data support the concern that diabetic nerves are more sensitive to local anesthetics and perhaps more susceptible to injury. Therefore, peripheral and neuraxial blockade may theoretically increase the risk of new or progressive neurologic deficits in patients with diabetic peripheral neuropathy (Class II).
• When regional anesthesia is thought to be appropriate in patients with acquired peripheral neuropathy (eg, diabetic peripheral neuropathy or chemotherapy-induced neuropathy), consideration should be given to modify the anesthetic technique (ie, decreasing the concentration of local anesthetic, reducing the total dose of local anesthetic, eliminating or reducing the concentration of vasoconstrictors such as epinephrine) to minimize the potential additive risk (Class II).
• The use of ultrasound guidance may facilitate (a) perineural needle placement and (b) a reduction in the total dose (volume) of local anesthetic administered. However, clinical data demonstrating a reduction in neurologic injury with ultrasound guidance are currently lacking (Class II).
Inflammatory Neuropathies
• Patients with inflammatory neuropathies such as Guillain-Barré syndrome and postsurgical inflammatory neuropathy are at risk of new or worsening neurologic deficits during the postoperative period regardless of anesthetic technique (Class II).
• Neural compromise secondary to acute neuronal inflammation may be a relative contraindication to regional anesthesia. However, the existing literature can neither support nor refute this claim. Therefore, the decision to perform neuraxial or peripheral nerve blockade in patients with inflammatory neuropathies should be made on an individual basis after a thorough discussion of the potential risks and benefits with the patient (Class III).
Central Nervous System Disorders
• Patients with central nervous system disorders (eg, multiple sclerosis, postpolio syndrome, amyotrophic lateral sclerosis) may have clinical or subclinical evidence of a preexisting neurologic deficit caused by neural compromise from the disease state. Furthermore, it is not uncommon for patients with central nerve system disorders to experience worsening of their neurologic symptoms during the postoperative period regardless of the anesthetic technique (Class I).
• Anecdotal case reports and small case series suggest that neuraxial anesthesia and analgesia may be used in patients with stable neurologic symptoms without worsening their neurologic deficits. However, definitive evidence supporting this practice is lacking. Therefore, a careful discussion regarding the potential risks and benefits of performing regional anesthesia in patients with preexisting neural compromise is strongly recommended (Class II).
Spinal Canal Pathology Spinal Stenosis or Lumbar Disk Disease
• Patients with spinal canal pathology (eg, spinal stenosis, lumbar disk disease) may have clinical or subclinical evidence of a preexisting neurologic deficit caused by neural compromise from the disease state (Class I).
• Large case series suggest that the performance of neuraxial anesthesia and analgesia in patients with preexisting spinal canal pathology may result in new or worsening neurologic symptoms. However, definitive evidence suggesting an increased risk of neurologic complications is lacking (Class II).
• Currently, it is unclear whether the development of new or worsening neurologic symptoms after neuraxial anesthesia or analgesia is caused by surgical factors, the anesthetic technique, the natural progression of the spinal pathology, or a combination of these factors (Class II). Previous Spine Surgery
• Prior spine surgery is not a contraindication to the performance of neuraxial anesthesia or analgesia. However, before performing a regional technique, a review of the patient's radiologic imaging or the use of fluoroscopy is recommended to identify the optimal approach to the neuraxis (Class I).
• Under most clinical circumstances, spinal anesthesia may be (a) technically easier to perform and (b) more reliable (ie, higher success rates) than epidural techniques in patients who have previously undergone spine surgery. Patients undergoing neuraxial anesthesia or analgesia after a previous spine surgery do not appear to be at higher risk of new or progressive neurologic deficits (Class II). Neural Tube Defects
• Neural tube defects encompass a wide range of spinal cord malformations, including both open (eg, meningocele, meningomyelocele) and closed (eg, spina bifida occulta, tethered spinal cord syndrome, diastematomyelia, dural ectasia) spinal dysraphisms. Patients with neural tube defects may have clinical or subclinical evidence of a preexisting neurologic deficit caused by neural compromise from the disease state (Class I).
• Because of the wide range and severity of possible spinal cord and vertebral column malformations, patients with neural tube defects should undergo radiographic imaging to fully evaluate and define the extent of their disease state before considering neuraxial anesthesia or analgesia (Class II).
regional anesthesia in patients with preexisting peripheral and neurologic disorders. The recommendation classification scheme (Table 2 ) is a modification from the American College of Cardiology/ American Heart Association construct for classifying strength of evidence. 134 
TABLE 1. (Continued)
• Anecdotal case reports and small case series suggest that the performance of neuraxial anesthesia and analgesia in patients with complex closed spinal dysraphisms (ie, tethered spinal cord syndrome or diastematomyelia) may result in new or progressive neurologic symptoms. However, definitive evidence suggesting an increased risk of neurologic complications is lacking (Class II).
• Anecdotal case reports and small case series suggest that neuraxial anesthesia and analgesia may be used in patients with isolated spina bifida occulta (without associated tethered spinal cord syndrome or diastematomyelia) without an increased risk of neurologic injury. However, definitive evidence supporting this practice is lacking. Therefore, a careful discussion regarding the potential risks (technical difficulties, unpredictable local anesthetic spread, inadvertent dural puncture, neural injury) and benefits of performing regional anesthesia in patients with isolated spina bifida occulta is strongly recommended (Class II).
TABLE 2. Strength of Recommendations
Classification I Animal and/or human evidence and/or general agreement of expert opinion supports the effectiveness and usefulness of the recommendation.
II
The weight of conflicting evidence and/or the weight of expert opinion supports the usefulness of the recommendation.
III
The usefulness of the recommendation is limited by absent or conflicting evidence and/or divergent expert opinion.
